Objective. To evaluate an intervention to promote health workers' use of the World Health Organization's Integrated Management of Childhood Illness clinical guidelines and to identify other factors influencing quality of care received by Moroccan children.
In 1997, the Moroccan Ministry of Health began implementing the guidelines in a pilot project. An end-of-project evaluation was mounted to guide expansion in Morocco and contribute information more generally on the strategy's effectiveness. Although the primary objective was to assess the effect of the intervention on health care quality, we were also concerned that other factors might influence guideline use. Few methodologically rigorous studies of the determinants of guideline use have been conducted in developing countries [6] [7] [8] [9] [10] .
Methods

The IMCI intervention
The Ministry implemented the intervention according to WHO recommendations, except that clinical training lasted 12 days instead of 11. From May 1997 to December 1998, the Ministry adapted WHO's generic guidelines, training materials, and job aids (a chart booklet and wall chart summarizing the guidelines; a two-page form where health workers record patient clinical findings, disease classifications, and treatments; and a mother's card to help give counseling messages) and developed a model of patient flow. The Ministry selected two provinces (Agadir-Ida ou Tanane and Meknes el Menzeh) as pilot sites. Both had a relatively high population density and child mortality rate and were judged to have adequate infrastructure (e.g. functional health facilities) and motivated provincial health management teams. Thirty-two physician facilitators were trained through two 'training of trainers' courses, which included 12 days of clinical training and 5 days on facilitation techniques. Between February 1999 and February 2000, 282 health workers were trained through 12 clinical courses. Training included didactic sessions, role-play, practice with videos of patients and supervised clinical practice in health facilities. Health workers were visited 4-6 weeks after training to reinforce new skills, solve problems, and provide feedback to health workers and provincial health management teams.
Study design
We conducted a cross-sectional, stratified, cluster survey of outpatient facilities in the two pilot provinces (intervention group) and in two similar provinces (Tetouan and Larache) (comparison group). We selected comparison sites using the same criteria as the pilot sites. A cluster was defined as all ill children seen at a health facility during one working day (i.e., Monday-Friday) during the study period. In both study groups, public sector facilities offering outpatient curative services to ill children under 5 years old were eligible for inclusion. We selected 32 (54%) of 59 facilities in the intervention group and 32 (58%) of 55 facilities in the comparison group by systematic sampling [11] . Each facility was visited once for an entire day, and visit dates were selected by systematic sampling. The study period was April 10-21, 2000 , which was about 6-12 months after training and follow-up visits.
Data collection
We trained eight survey teams (four persons each) in data collection methods. Training concluded once surveyor and study investigator agreement of 90% on practice results was achieved (1 week). Survey visits to health facilities were unannounced. Surveyors were not supervisors of facilities visited and were not blinded to intervention or comparison area. Survey teams arrived at facilities before opening (8:30 am) and remained until closing (6:30 pm). Surveyors collected data using five methods: (i) checklist-guided direct observation of clinical consultations; (ii) standardized, structured exit interviews with caretakers (usually the mother); (iii) re-examination of patients by a study clinician to obtain a 'gold standard' clinical evaluation; (iv) checklist-guided audit of facility supplies and equipment; and (v) standardized, structured interviews with health workers at day's end. After ill children were re-examined, the study clinician provided appropriate medications free of charge to any child in need of treatment. Data collection instruments were adapted from those used in Benin by a team from the Centers for Disease Control and Prevention, who contributed to the development of the original WHO instruments [7] .
Definitions
Morocco's adaptation of IMCI guidelines served as the standard of health care quality for our study, as it was the Ministry's intention to implement them nationally [12] . The integrated guidelines were similar to disease-specific guidelines that existed before the pilot project. For our descriptive analysis (Table 1) , we used WHO indicators of appropriate guideline use and functional capacity of health facilities [13] . For our multivariate analysis to evaluate the intervention and identify other factors that influence quality, we used two outcome measures: an index of overall guideline adherence (continuous variable from 0 to 100%), and the appropriateness of antibiotic prescription (correct or incorrect) among children requiring antibiotics. We defined the adherence index as the percentage of recommended clinical tasks completed for each child. The index included 32 equally weighted items (Table 2) . Not all tasks were needed for every child. Antibiotic prescription was considered correct if the health worker prescribed all antibiotics indicated by the guidelines (first-or second-line antibiotic was acceptable), as determined by the 'gold standard' study clinician. Dosage was not considered, because our primary concerns related to choice of medicine.
Analysis
Data were double entered and verified using EpiInfo [14] . Analyses were restricted to sick children 2-59 months old coming for an initial consultation for the presenting problem. Descriptive analyses in Tables 1 and 3 were performed with SUDAAN, which accounts for the clustered sampling design and sampling weights (weight = 1/probability of selection) [15] .
For the multivariate analysis of the adherence index, which had a bimodal distribution (Figure 1 ), we created a series of 'bivariate' linear regression models (i.e. models contained the Confidence interval not estimated when the point estimate = 0 or when the denominator was very small. 4 Presence of cough, diarrhea and fever. 5 Three general danger signs and three principal symptoms checked, child weighed and weight checked against recommended growth chart, immunization status, and/or vitamin A supplementation status checked, and presence of palmar pallor checked. 6 Exact correspondence between the health worker's and the study clinician's determination of illness classifications, as per IMCI guidelines. P-value not estimated when denominator was very small. 8 Antibiotic was prescribed correctly, where only the first-line drug recommended by IMCI guidelines was considered acceptable (e.g. cotrimoxazole was indicated and cotrimoxazole was prescribed). 9 Antibiotic was prescribed correctly, where either the first-line or second-line drug recommended by IMCI guidelines was considered acceptable. for one other factor). This approach ensured that the residuals were approximately normally distributed. To adjust for confounding, factors with a P-value <0.10 from the bivariate analysis were entered into a multivariate model. Logical interactions were tested and included if the P-value was <0.05. Modeling was performed with SUDAAN, which uses generalized estimating equations to adjust for correlation of treatment quality among children seen by the same health worker. An exchangeable correlation structure was used. Models were weighted (weight = 1/probability of selection). For the multivariable analysis of correct antibiotic prescription, we created a series of univariate logistic regression models with SUDAAN (as above). To adjust for confounding, factors with a P-value <0.10 from the univariate analysis were entered into a multivariate model. Logical interactions were tested and included if the P-value was <0.05. Factors that did not initially meet the entrance criteria for the multivariate analysis (i.e., univariate P-value ≥ 0.10) were then entered into the multivariate model, one at a time, and retained if their addition to the model changed the odds ratio (OR) of any already-included factor by >20%. In the analysis of both outcomes, we excluded variables for consultation duration and caseload. Although they met the entrance criteria for multivariate analyses, they were strongly correlated with the intervention variable ( Table 4) . We also excluded the variable for correct diagnosis, because we 
Ethical approval
The study was considered evaluation rather than research and therefore did not require approval by the research committee on ethics in Morocco or CDC's institutional review board.
Results
Enrollment
Of the 64 health facilities in the study, 62 received at least one sick child during the survey (31 intervention, 31 comparison).
Of 523 ill children under 5 years old brought to a facility, surveyors enrolled and observed consultations for 512 (i.e., 97.9% participation). Of these, 467 were 2-59 months old and had come for an initial consultation for the presenting illness (242 intervention, 225 comparison). The 467 consultations were performed by 101 health workers (53 intervention, 48 comparison). All intervention group health workers had received IMCI training.
Descriptive results
Health facilities and workers in both study groups were similar in many respects. Intervention group health facilities, however, were more likely to be dispensaries, have vaccines available, and (as expected) have job aids (Table 3) . Intervention group health workers were less likely to be physicians and more likely to be nursing aides. Gentamycin, benzyl penicillin, ampicillin, and thiamphenicol. 4 Antigens for BCG, diphtheria-pertussis-tetanus, polio, and measles. 5 Functioning refrigerator and sterilization/injection equipment or disposable needles and disposable syringes. Children in the intervention group received better quality care than children in the comparison group, according to a wide variety of indicators (Table 1) . Intervention group health workers, however, did not always follow the new guidelines.
Multivariate analyses
Adherence index The multivariate analysis of overall adherence to the guidelines included 467 sick children seen by 101 health workers in 62 facilities. The mean percentage of recommended tasks performed was 52.2% [79.4% intervention (95% CI = 74.7-84.0%), 20.9% comparison (95% CI = 17.3-24.5%)] (Figure 1 ). The final model included 12 factors (of 56 examined) and was based on 445 children (22 children excluded because of missing values for predictors) (Table 5) . Adherence was strongly associated with the intervention. In addition, adherence was significantly better for nurses (compared with physicians), female health workers, health workers living in government-subsidized housing, health workers who did not report lack of supervision as a problem, younger children, children with more complaints and children accompanied by mothers. The multiple R 2 for the final model was 83.6%.
Prescribing practice The multivariate analysis of the appropriateness of antibiotic prescribing included 187 sick children seen by 75 health workers in 51 health facilities. The final model included seven factors (of 54 examined) and was based on 180 children (seven children excluded because of missing values for predictors) ( Table 6 ). Correct prescribing was strongly associated with exposure to the intervention. Correct prescribing was also significantly better for physicians, children with a high fever, younger children, and children with more complaints reported by the child's caretaker. In addition, univariate results for factors excluded from the multivariate model revealed that prescribing was significantly better when the illness was correctly diagnosed, consultation times were longer, and caseloads lower (although the last two factors were strongly related to study group) ( Table 4 ).
Discussion
Effect of the IMCI intervention on quality of care
The major finding of this study was that exposure to the intervention was strongly associated with both overall adherence to the guidelines and correct prescribing of antibiotics 6-12 months after exposure. Health workers in both study groups had previously been exposed, through pre-and in-service training, to the majority of clinical tasks brought together by the IMCI guidelines (Table 1) . Consequently, we believe that 
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Number of children Non-IMCI IMCI our two outcome variables are reasonable measures for assessing differences between the two groups. Results for many performance indicators were remarkably similar to those from IMCI studies with a similar design from Tanzania, Uganda, and Brazil [3, 4] . Systematic reviews of studies in developing countries with more rigorous designs (e.g. randomized controlled trials), none of which evaluated the IMCI strategy, revealed that educational interventions had mixed results, ranging from <10% improvement in guideline adherence to >25% improvement [16] . Our results also indicated, however, that health workers in the intervention group did not always follow the guidelines, which suggests that the intervention may be necessary but insufficient to achieve superior levels of quality.
Other predictors of quality of care
Child's age There may be several reasons why younger children received better quality care. If they are perceived to be more vulnerable, then health workers might follow the guidelines more carefully. Alternatively, older children, particularly those with mild disease, may simply have been more difficult to manage, because they often are more wakeful and bustling during consultations. In Benin (before IMCI), Rowe and colleagues found that younger children were more likely to be vaccinated and correctly treated for pneumonia [7] , but younger children with malaria were less likely to be treated with an antimalarial [6] . A study of Kenyan children with malaria found that younger children were less likely to be treated with a non-recommended antimalarial [10] .
Child's symptoms One explanation for the positive relationship between the number of main symptoms mentioned by the parent (an indicator of case complexity, the amount of information readily available to the health worker, and perhaps perceived illness severity), and our two outcomes is that health workers perform better when more information is available. Alternatively, health workers may have perceived the guidelines to be more relevant for cases with greater complexity or severity. Although the actual number of symptoms was not associated with either outcome, a caretaker's description of the illness may influence the health worker's response. Or, perhaps, health workers perceive parents who mention multiple symptoms as more demanding, which may result in a more comprehensive consultation. The association between the child's temperature and prescribing practice probably reflects health workers' perception that high fever is a sign of serious illness, which should be treated with antimicrobials. Similar findings about temperature and prescribing behavior have been reported from studies in Benin and the Central African Republic [6] [7] [8] .
Health worker type Interestingly, health workers with a higher level of pre-service training (physicians) were less likely to adhere to guidelines overall but more likely to prescribe antibiotics to children who needed them. Studies of the management of malaria in Kenya [10] and malaria and diarrhea in Benin [6, 7] found that health workers with higher pre-service training were less likely to prescribe recommended treatments. The association of higher pre-service training and lower adherence may be explained by these health workers thinking that guidelines are inferior to clinical These factors were excluded from multivariate analyses because they were strongly correlated with study group. Compared with consultations in non-IMCI provinces, consultations in IMCI provinces were much more likely to last ≥15 minutes and to be performed by health workers with a caseload <30 patients (all ages) on the day of the survey visit.
Predictor
Number of children (unweighted) % treated correctly (weighted)
Odds ratio 95% confidence interval Nurses (and to a greater extent, nursing aides), however, may be more comfortable with guidelines, because they may perceive them to be based on information and expertise they do not possess. Also, nurses and aides are probably trained and socialized to follow medical orders, and adhering to guidelines is a similar behavior. Latent health worker factors This category included factors that reflected health worker motivation and opinions about work-related problems, and the results show several interesting tendencies. First, government-subsidized housing for health workers was associated with better adherence. Surprisingly little research has been done in low-income countries on the impact of salary and other job benefits on performance. Second, we found lower adherence associated with health workers reporting that a lack of supervision was a problem. This association might reflect the usefulness of supervision; however, when examined directly, supervision was not significantly associated with either adherence (results not shown) or correct antibiotic prescribing (Table 4) . Third, we found significant univariate associations with other reported problems (lack of equipment and medicines) that disappeared when included in the final multivariate models. Although such results could simply be due to confounding, another possibility is that they were in the causal pathway between other factors and the outcomes.
Limitations
Our study had several important limitations. First, we only assessed clinical behavior in the short-term, and we cannot predict how performance might evolve after the first year. Second, provinces, health facilities, and workers were not selected randomly to receive the intervention, and differences in the health system between the study groups could explain some of the observed effect of the intervention. Also, without a pre-intervention measurement of performance, we were unable to control for differences between the two groups before IMCI was implemented. Third, our method of observation may have introduced observer error and misclassification of children's symptoms (e.g. if respiratory rate changed from the consultation to the study clinician's re-examination), which may underestimate health care quality [7] . The method was also susceptible to subject reactivity to the presence of an outside observer, which may overestimate quality [17, 18] .
Fourth, although no association might exist between adherence to the guidelines and latent characteristics of health 
Conclusions
There are several important implications of this study for policy-making, program implementation, and further research. First, some kind of continuing education on the use of these guidelines, combined with on-the-job feedback, seems to improve adherence. The challenge that Morocco and many other countries face, however, is how to scale up such interventions effectively. Second, characteristics of participants in the clinical consultation may evoke different responses from health workers. Although innate characteristics of mothers and children cannot be changed, these factors may be addressed, in part, by refining the recommended intervention, particularly by emphasizing the importance of adequate history taking for all children, and by improving communication with clients throughout the clinical consultation. Third, variation in adherence by health worker type suggests a possible conflict, or at least some inconsistencies, between the integrated case management approach and other clinical rule systems already in use. Introducing these guidelines to medical students, for instance, may increase their legitimacy in the eyes of future practitioners and their supervisors. We also learned an important methodological lesson. We suspected that adherence would be greater in the intervention group than in the comparison group and therefore were not surprised by the bimodal distribution of the adherence index. Univariate analyses for all factors (except study group), however, led to a violation of the normality assumption for linear regression. This required an adjustment in the first stage of our modeling procedure-from univariate to bivariate modeling-to avoid this violation. Future researchers should be alert to this possibility, particularly when the guidelines and intervention are new.
Finally, we believe that research on guideline use can be enhanced by the use of multiple indicators of quality. In our study, the prescribing practice outcome provides readers, particularly clinicians, with an easily identifiable point of entry into a complex set of guidelines for a critical behavior that bears a direct relationship to the ultimate clinical outcome of the patient. These indicators can alert managers to major medical errors occurring within a health system and permit comparisons across health systems. Their inconvenience is that they say nothing about the process used in making the treatment decision. In contrast, our adherence index provides a single number to represent a complex set of clinical behaviors and allows investigators to use all their data. Such variables are appealing to those with an interest in the policy and programmatic implications of guideline use. Consequently, our work may also contribute to that of other researchers who are exploring how best to construct, analyze and use these indices, particularly for IMCI [23] .
